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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by| the technical committees are circulated to the member bodies for voting. Publication "ag an
Internationgl Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is|drawn to the possibility that some of the elements of this document may be the;subject of pdtent
rights. ISO phall not be held responsible for identifying any or all such patent rights.

ISO 1133641 was prepared by Technical Committee ISO/TC 8, Ships and marine technology, Subcommittee
SC 12, Shigs and marine technology — Large yachts.

ISO 11336 fonsists of the following parts, under the general title Large yachts>— Strength, weathertightjess
and watertightness of glazed openings:

— Part 1:|Design criteria, materials, framing and testing of independent glazed openings

— Part 2:|Glazed opening integrated into adjacent structure (directly bonded to the bulkhead or shell), depign
criteria| structural support, installation and testing

— Part 3:|Quality assurance, installation and in-service ipspection

iv © IS0 2012 — All rights reserved
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Large yachts — Strength, weathertightness and watertightness

of

glazed openings —

Part 1:
Design criteria, materials, framing and testing of independent

glazed-openings
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Large yachts are yachts with length of the hull, Ly, higher or equal to 24 m( ih use for sport or p
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Scope

part of ISO 11336 specifies technical requirements for independent glazed openings on I
ng into account navigation conditions, and the location of the opening.

mercial operations, with a tonnage limitation up to 3 000 gross tonnage, according to the |
hage Convention.

opening and the associated closing appliances considered inthis part of ISO 11336 are onl
above the deepest waterline (dsw) and are critical for the Ship integrity related to weathertig
ertightness, i.e. those that could lead to ingress of water inxthe hull in case of rupture of the pa

scope of this part of ISO 11336 is related to and limjtéd to independent glazed openings.
E This part of ISO 11336 is based on the experience of ship window and glass manufacturers,

5, as amended, noting the provisions by the SOLAS Protocol of 1988, Article 8, as agreed by the appro
inistration.

Normative references

following referenced documients are indispensable for the application of this document
rences, only the edition citedapplies. For undated references, the latest edition of the reference
uding any amendments), applies.

178, Plastics — Determination of flexural properties
1751, Shipbtilding and marine structures — Ships’ side scuttles
3903, Shipbuilding and marine structures — Ships’ ordinary rectangular windows

5797,'Ships and marine technology — Windows and side sculttles for fire-resistant constructid

rge yachts,

easure and
nternational

those that
htness and
he.

shipbuilders

authorities who apply to ships the regulations of S@LAS, as amended, and of the International Conveftion of Load

briate Marine

For dated
d document

ns

ISO
ISO

03495, Shipbuilding and marine structures — Windows and side scuttles — Vocabulary

8666, Small craft — Principal data

ISO 12543-1, Glass in building — Laminated glass and laminated safety glass — Part 1: Definitions and
description of component parts

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

ISO 21005, Shipbuilding and marine technology — Thermally toughened safety-glass panes for windows and
side scuttles

EN 1288-3, Glass in building — Determination of the bending strength of glass — Part 3: Test with specimen
supported at two points (four point bending)

© 1SO 2012 — All rights reserved
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EN 1990:2008, Eurocode — Basis of structural design

EN 12150-1:2000, Glass in building — Thermally toughened soda lime silicate safety glass — Part 1: Definition

and descrip

tion

EN 12337-1, Glass in building — Chemically toughened soda lime silicate safety glass — Part 1: Definition
and description

EN 13195-1, Aluminium and aluminium alloys. Specifications for wrought and cast products for marine
applications (shipbuilding, marine and offshore)

3 Termsl and definitions

For the pur

31

glazed ope
opening in
translucent

3.2

independe
glazed ope
structure, e

3.3
glazed ope

glazed opeiing where the mechanical behaviour of the pane cannot be considered independent from adja

structure, e

3.4
appliance
device mad

3.5
pane
sheet of mg

3.6
glazing
transparent

3.7
unsupport
clear dimen

[«

N

NOTE

ht glazed opening

boses of this document, the terms and definitions given in ISO 6345 and the following apply.

ning
the hull, superstructure or deckhouse of a ship structure to be fitted with a transparen
material

hing where the mechanical behaviour of the pane can be considered independent from adja
g. framed appliance

ning integrated into adjacent structure

g. pane bonded directly into a seat

e of a pane and a fixing system, used to-cover an opening in the hull, superstructure or deckhg

terial fixed within or to a frame

or translucent pane

pd dimensions of a pane
sions between the supports bearing the pane

bee Annex A.

t or

cent

cent

use

3.8
deadlight

secondary watertight closure fitted to a glazed opening and which is fitted on the inside of the vessel

3.9

storm shutter
portable protective closure fitted to a glazed opening and which is fitted on the outside (weatherside) of the vessel

3.10
flag admin

istration

government of the state whose flag the yacht flies

© 1SO 2012 — All rights reserved
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3N
certifying authority
flag administration or the organization to whom the flag administration delegates certifying authority

312
service
description of the service limitations for which a yacht is assessed to be suitable

313

commercial service
yachts engaged in commercial use carrying no cargo and generally not more than 12 passengers or not
neefing 1o comply with passenger ship requirements

31
pleasure service
private yachts not engaged in trade

3.15
operational range and limits
desgription of the operation limitation for which a yacht is assessed to be suitable

3.16
operational conditions: unrestricted range yachts
extgnded distance from safe haven where conditions experienced“can exceed wind force 8 (Bedufort scale)
and|significant wave heights of 4 m but limited to 6 m, excludingrabnhormal conditions

3.17
ope€rational conditions: intermediate range yacht
distdnce of not more than 200 NM from safe haven, with-significant wave height > 2 m but not greater than 4 m

3.18
operational conditions: short range yacht
distance of not more than 90 NM from safe haven, with significant wave height <2 m

31
fregboard deck
uppermost complete deck exposed:to weather and sea, which has permanent means of closing alljopenings in
the wveather part thereof, and below which all openings in the sides of the ship are fitted with permaphent means
of watertight closing

NOTE At the option‘ef-the owner and subject to the approval of the administration, a lower deck can bp designated
as a|freeboard deck, provided it is a complete and permanent deck continuous in a fore and aft direction at I¢ast between
the machinery spaee and peak bulkheads and continuous athwart-ships.

3.2

standard superstructure height
hstd

for yessels up to 75 m load line length: height to be taken as 1,8 m; for vessels over 125 m load|line length:
height to be taken as 2,3 m; for vessels of intermediate lengths: height to be obtained by linear interpolation

3.21

load line length

L

96 % of the total length on a waterline at 85 % of the least moulded depth measured from the top of the keel,
or as the length from the fore side of the stem to the axis of the rudder stock on that waterline, if that be greater

NOTE For ships without a rudder stock, the length, L, is taken as 96 % of the waterline at 85 % of the least moulded depth.

© 1S0O 2012 — All rights reserved 3
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3.22

limits in glazed openings
maximum size of glazed openings specified in this part of ISO 11336 below a line 0,05 times ship length or
forward of a line drawn at the intersection of the 0,05 L waterline and the stem and below a line drawn at
0,05 L + hstg, not exceeding 0,85 m2

NOTE See Figure 1.
T Li4
([ [ ——= I T TTIT
TTTTIT1 — T T |7
e = S T
[T I T TITTITTIT— (0000 D0OOD
=)
Figure 1 — Area in which glazed openings are limited t0°0;85 m?
3.23
large yach
yachts in uge for sport or pleasure and commercial operations of Zigyhigher or equal to 24 m, which is measiired
according tp 1ISO 8666
3.24
weathertightness
capacity to prevent that, in any sea conditions, water will penetrate into the ship
NOTE Meaning of weathertight taken from Annéx |, Regulation 3 (12) of International Convention of Load lines
(ICLL). This [s interpreted generally as indicating that weathertightness is required from the exterior only, as opposé¢d to
watertightnegs indicating the ability to withstand.from both inside and outside (see 3.27).
3.25
watertightness
capacity of pn appliance to preventthe passage of water through the structure in any direction under a hedd of
water for which the surrounding ‘structure is designed
3.26
strength
capacity of @ structure to maintain full structural integrity under the action of loads
3.27
design loads

external hydrostatic loads according to which glazed openings strength is assessed

3.28
hull

part of the yacht within the envelope of the side shell and decks taken into account for the assignment of
freeboard and for stability evaluation

3.29

superstructure
decked structure on the freeboard deck, extending from side to side of the yacht or with side plating not being

inboard of t

NOTE

he shell plating more than 4 % of the yacht breadth

Definition adapted from Annex |, Regulation 3 (10) of International Convention of Load Lines (ICLL).

© 1SO 2012 — All rights reserved
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3.30

deckhouse

structure enclosing a space that is normally accessible and used for accommodation or service and that does
not qualify as a superstructure and that can be positioned on the freeboard deck, and/or the tiers above

3.31
wheelhouse
control position occupied by the officer of the watch

3.32

glass and plastic materials
matErials used for glazed openings, as specified in 3.35 10 3.45, and 3.49 and 3.50, with a characligristic failure
strepgth (3.46)

3.33

glass ply
plate made of an inorganic non-crystalline solid exhibiting a glass transition behaviour,

3.34
thermally toughened glass
glags where strength increase is obtained by a thermal treatment resulting’in the introduction off permanent
conjpression stress on both sides of its cross section

3.34
chemically toughened glass
glags where strength increase is obtained by chemical treattent resulting in the introduction off permanent
conjpression stress on both sides of its cross section

3.3
monolithic glass
glaging consisting of one ply of glass

3.3

lamjinated glass
mulji-layer pane made of glass plies, plastic plies or other glazing materials, which are kept togethef by suitable
plagtic adhesive films or curable resins

3.3
safety glass
morjolithic thermally toughened glass, fully tempered, or laminated thermally or chemically toughehed glass

3.31I

instilating glazing-units
IGU
glagzing made.of multiple panes, either monolithic or laminated, separated by sealed gaps fillgd with gas
(air,|argony-etc.)

3.40

glass case depth
Icp

when a glass ply is toughened by the introduction of permanent compression stress on both sides of its cross
section, depth of the compression stress layer measured from the surface to the inner cross section point
where compression stress is zero

3.4

glass surface compression

Sc

when a glass ply is toughened by the introduction of permanent compression stress on both sides of its cross
section, value of compression stress taken at the surface

© 1S0O 2012 — All rights reserved 5
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3.42

plastic ply

rigid plastic plate where “rigid” means that the plastic material has a modulus of elasticity in flexure or, if not
applicable, then in tension, greater than 700 MPa

3.43
interlayer
laminating adhesive material that holds together the plies of a laminated glazing

NOTE It can be a thermo plastic adhesive film or a curable resin.
3.44

characteristic failure strength

oc

ultimate flexural strength of glass pane (3.47) or plastic material (3.48)

3.45
glass panqg
ultimate flexural strength at rupture of glass measured, on a statistical basis, in a flexural testing arrangement
with a defined method of data reduction taking in account statistical dispersion

3.46
plastic material
ultimate flexural strength at rupture or flexural strength at yield, whichever’is fower

NOTE The choice between the value at rupture or at yield depends onxthe mechanical characteristics of the plastic
material; as @ general indication brittle plastic material will break before yielding while non-brittle plastic material will yield
before breakjng.

3.47
main structural section
monolithic ¢r laminated pane construction that meets the strength requirements according to 5.2

3.48
additional functional plies
additional dlass or plastic plies or panes not included in the frame that can be coupled to the main struc{ural
section and that do not have structuralfunctionalities and do not affect structural functionality of the main
structural section

NOTE The flexural modulus/flex@ral'strength, E/og, is substantially less (50 %) than that of the main structural sedtion.
3.49

deepest sdagoing waterline

dsw

either the agsigned waterline for commercial yachts or the deepest seagoing waterline for private yachts

3.50

forward perpendicular
perpendicmjaﬂaMﬁwmdmkﬁvmmﬁandmmMﬂﬁﬁmamﬁﬂW1 on

the waterline on which the length is measured

4 Symbols and abbreviated terms

PD design pressure

a factor relating to location and vessel length
b factor based on longitudinal location

f factor based on vessel length

6 © 1S0 2012 — All rights reserved
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factor based on width of superstructure or deckhouse
height of centre of pane from dsw

standard superstructure height

service factor

length of the hull

load line length

length between perpendiculars on summer load waterline
distance of centre of pane or storm shutter from aft perpendicular
basic pane thickness
unsupported long side of a rectangular pane or “equivalent long side”of a pane
unsupported short side of a rectangular pane or “equivalent short side” of a pane
pane aspect-ratio coefficient for stress
pane aspect-ratio coefficient for deflection
allowable design flexural stress of the material
diameter of a circular glazed opening
characteristic breaking strength of a material or laminate
design factor
actual pane thickness
minimum pane thickness
02, .- » tpnPly thicknesses of a taminated pane
equivalent thickness of each ply of the laminate
equivaleni-thickness of laminated construction
physieal-thickness of a laminate
maximum pane deflection
pane stiffness

depth of compression layer

surface compression
number of test specimens
number of independent plies

breaking stress for each test specimen when tested according to EN 1288-3 for glass or ISO 178
for brittle plastic materials; stress at yield for each test specimen when tested according to
ISO 178 for non-brittle plastic materials

average breaking stress or yield stress, whichever is applicable

standard deviation

© 1S0O 2012 — All rights reserved 7
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Cy coefficient of variation

Kn statistic coefficient corresponding to 95 % confidence limit
kN kilonewtons

E Young’s modulus

v Poisson’s ratio

SM Section Modulus

NM nautical miles

ICLL 1966 | International Convention on Load Line 1966, as amended
IACS International Association of Class Societies

TTG Thermally Toughened Safety Glass

CTG Chemically Toughened Glass

IGU Insulated Glass Units

MSS Main Structural Section

PMMA PolyMethylMethAcrylate

PC Polycarbonate

dsw deepest seagoing waterline

FRP Fibre Reinforced Plastics

5 Design criteria

5.1 Geng¢ral

Other Interpational Standards, e.g. dealing with stability, buoyancy, weathertight or watertight integrity,

have restrigtions on the position of-appliances which are outside the scope of this part of ISO 11336 and w
are thereforle not considered hefe; However it is necessary for the builder or user to ensure that the appliar
comply witl] other relevant Infégnational Standards.

It is also popsible that national authorities can have additional requirements differing from those of this paj
ISO 11336.|1t is necessary that individual statutory regulations of flag administrations for commercial ya
be observefl. For example, where yachts are complying with the published “Conditions of Assignment” of
Internationgl Canvention on Load Line, 1966, as amended[®], the maximum size of a glazed opening below
freeboard deck,is 0,16 m2.

may
hich
ces

It of
Chts
the
the

5.2 Strength

The strength of glazed openings and associated appliances shall meet the requirements of this part of ISO 11
and of the applicable International Standard cited in Clause 2, which covers their type. For the scope of this

336
part

of ISO 11336, strength is considered only with reference to local loads, that is, external hydrostatic loads coming

from weather and sea conditions. Strength requirements are fulfilled according to any of the following crite

ria:

— where the glazed opening type is covered by an existing relevant International Standard, such as ISO 3903

or ISO 1751, respectively;

— where the pane thickness is calculated according to the method outlined in 5.6, and the glass is flat or
convex towards the load action direction and strength requirements of the frame are according to an

existing relevant International Standard;

8 © 1S0 2012 — All rights reserved
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when the pane has been tested according to the hydrostatic test procedure outlined in 7.3.

External hydrostatic loads (design loads) shall be the only loads considered for strength requirement fulfilment
according to this part of ISO 11336. For a particular application, other requirements and criteria can be relevant
and may apply.

Strength requirements for monolithic and laminated constructions shall be fulfilled only for the main structural
section. Additional functional plies or panes are, normally, not intended to fulfil strength requirements or to take
part in the structural validation of the appliance in the hydrostatic test outlined in 7.3. Such plies or panes shall

not adversely affect the strength of the main structural section.

Acc
sec

5.3

The
the

Any
sha

5.4

The
The
non
(wit
less

The
wat

5.5

5.5.
or

IUI;I Y tU qua“fiua‘liuu IlJy ilydlubtdtib tcat, alty \J; 14dlTlycTo tU t: 1< yiaLil Y |||atc| ;a:b ol dlly b: 1dlTy®c
ion or larger dimensions of the glazing shall require re-testing. For tolerances, see 7.3.2.

Watertightness

appliance shall be designed and mounted to prevent ingress of water into the,yacht accordi
following criteria:

where the appliance type is covered by an existing relevant International Standard;

where the pane thickness is calculated according to the method outlined in 5.6 and the pane is ¢
rubber gasket (bonding may be used alternatively) or bonded in theframe with the bonding jointin g
and the strength requirements of the frame are according to anéxisting relevant International Stg

when tested according to the hydrostatic test procedure outlined in 7.3.

changes to the glazing materials or any change to thé cross section or larger dimensions of
| require re-testing. For tolerances, see 7.3.2.

Weathertightness

weathertightness requirements shall be-fulfilled by performing a hose test in the final installatig
hose test consists of hosing the appliance along its perimeter (width 100 mm) by means of at le

h no water flow) of 200 kPa and\the free height of water from the hose with stream directed up
than 10 m.

hosing shall last at least three minutes uniformly applied around the periphery for each appliz
br shall be detected ©nthe inner side of the appliance.

Design loads

Design’pressure for glazed openings in end bulkheads of superstructures and deckh
boye'the freeboard deck

o the cross

hg to any of

amped with
lompression
ndard;

the glazing

n on board.
hst 12,0 mm

inal size hose held at a distance of\rot more than 1,5 m from the appliance and with a static water pressure

vards of not

nce and no

pouses on

Thi

Hneign pressure shall alsa he npplinrl to storm shutters and dnadlighfe inthe nvpr\cnd b

Ikheads of

superstructures and deckhouses on and above the freeboard deck.

The design pressure equation in IACS UR S 3091, is adapted to the following equation to give design pressures
D (KN/m?2) for glazed openings and storm shutters in the end bulkheads of superstructures and in the end and
side bulkheads of deckhouses on or above the freeboard deck.

Design pressure, pp (kN/m?2), shall be not less than given by the equation:

The
Defi

PD =10,05-a~ks-(b~f—h)-c

design pressures given in IACS UR S 3[9] are also included in 1ISO 5779[2] and BS MA 25[10],

nition of symbols introduced in Equation (1):

© 1SO 2012 — All rights reserved
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a = factor relating to location and vessel length, given in Table 1;
ks = service factor

= 1,00 for unrestricted range yacht,

= 0,85 for intermediate range yacht,

= 0,75 for short range yacht;

b = factor based on longitudinal location, given in Table 3;

f=factor bgsed on vessel length, given in Table 2;
h = height gf centre of window from dsw, in m;
¢=0,85;
but in no cgse is the design pressure pp (kN/m2) to be less than
— forL <p0m

— frgnt positions on the uppermost continuous deck and superstructure/side-shell (A) (see Table 1)

D = 34 kN/m2;

— elgewhere:
pD = 19 KN/mZ;
— forL>p0m
— frgnt positions on the uppermost continuous deck‘and superstructure/side shell (A) (see Table 1)

pp =29+L/10 ; (2)

— forl all other locations:

pp=145+L/20 ; 3)

where L is the load line length (m).

For a definifion of the limiting-significant wave heights for the above operational ranges, see 3.15 to 3.18.

10 © 1S0 2012 — All rights reserved
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Table 1 — Values of a4

L
Location m
24 30 40 50 60 70 80 90
Superstructure or
deckhouse at more
than 0,02 L [m] above 2,20 2,25 2,33 2,42 2,58 2,62 2,67 2,75
dsw
Superstructure or
deckhouse at more
Fronts than 1,20 1,25 1,33 1,42 1,50 1,58 167 1,75
0,02 L + hstq [m]
above dsw
a Superstructure or
deckhouse at more
than 0,67 0,70 0,77 0,83 0,90 0,97 1,03 1,10
0,02 L + 2 hgtq [m]
above dsw
S;‘ugri)deersérr:g:ﬁu('rf)s Refer to Fronts-in this Table
Sides Superstructures
/Side Shell (B) See Table 4
Deckhouses 0,67 0,70 0,77 0,83 0,90 0,97 1,03 1,10
Aft end x/Lp < 0,45 0,64 0,65 0,66 0,67 0,68 0,69 0,70 0,71
en
x/Lp > 0,45 0,32 0,33 0,34 0,35 0,36 0,37 0,39 0,39
NOTE Type (A) and Type (B) Sides/superstructures are identified as
(A), pot included in the assessment of the vessel’s ‘stability and buoyancy, and
(B), Included in the assessment of the vessel's stability and buoyancy.
Seelalso Figure 2.
r TTT — — T L IC I 1
H‘ TTTT1 — om0 S N
C —— \
TT [ 1 LTI T T T— [O0ooo qoonn
e - |
ﬂ_/ 0 0 0 0 0 000 000 ©°° oo °0 oo oo
Figure 2 — Superstructure/side shell windows
Table 2 — Values of
Length £ 24 30 40 50 60 70 80 90
Factor f 1,24 1,74 2,27 3,32 4,07 4,71 5,41 6,00
© 1S0O 2012 — All rights reserved 1
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Table 3 — Values of b

x/Lp b x/Lp b

0,00 1,57 0,50 1,01
0,10 1,34 0,60 1,09
0,20 1,17 0,70 1,26
0,30 1,06 0,80 1,51
0,40 1,01 0,90 1,84
0,45 1,00 1,00 2,25

5.5.2 Des

Glazed ope
include con

5.6 Scan

Scantling e
independer]

The equatig

Unsupporte
or acircle, t

gn pressure for glazed openings and deadlights in the side shell

Table 4 — Design pressures for glazed openings and deadlights
between the dsw and uppermost continuous deck

nings and deadlight design pressures shall be as given in Table 4. Design of glazed-6penings ghall
sideration of the strength of the deadlights and their means of attachment to the hull structure,

L Motor yachts Cruising sailing yachts
m kN/m?2 (kN/m?2)

24 70 70

30 70 70

40 70 70

50 70 83

60 76 96

70 84 109

80 M 121

90 98 133

t from the adjacent.structure.

tling determination of panes

n given in 5.64-1 is valid for rectangular panes; for circular panes see 5.6.1.2.

Huations given in 5.8:1+% and 5.6.1.2 are for panes supported on their full perimeter mechanigally

d clear ditnehsions for panes are defined in Annex A. For panes having shapes different from a rectapgle
ne approximations of Annex A shall be used to determine the “equivalent” unsupported dimensionss.

12
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5.6.1 Basic pane thickness — 1o

5.6.1.1 Basic pane thickness — 1o — for rectangular or rectangular equivalent glazed openings

Basic pane thickness o is calculated as

B rp
to=bp - |—FD 4
O~ P \1000 6, @

where
to is the basic pane thickness (mm);
bp is the clear opening short side of a rectangular pane or “equivalent short side” of ajpane {mm);
B is the pane aspect-ratio coefficient (see Figure 3 and Table 6);
pp s the design pressure (see 5.5) (kN/m2);
on is the allowable design flexural stress of the material (see 5.6.1.3) (N/imm2).
Y A
g,8
d,7 B ram e
P
q.6 //’
//
//
d.5 /
//
.4 /'
g,3 )
/
a,2 =
0 1 2 3 4 5 X
Key|
X aspect ratio, AR, equal to ap/bp
Y 'JGI < GOPUbt IGtIU bUUffI\JIUI It, /9

Figure 3 — Pane aspect ratio coefficient — 5 (X = AR)

© 1S0O 2012 — Al rights reserved 13
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5.6.1.2 Basic pane thickness — o — for circular or circular equivalent glazed openings

Basic pane

thickness 1o is calculated as

t0=05.d- |21 PD_
10000,

is the basic pane thickness (mm);

where
to
d is
pD s
opn s
See Annex

5.6.1.3 Dg¢sign flexural stress of material — op

Design flex
the materia

6.0
A=)
1

The values

he drameteror the equivatent drameter of the gtazed openimng (mmy;
he basic design pressure (see 5.5) (kN/m2);
he allowable design flexural stress of the material (N/mm?2).

C for further information.

and the relevant design factor, y, according to

C

of characteristic failure strength of the pane materiakare the manufacturer’s stated values. Va

shall be us

the lower cpnfidence interval value evaluated by the ¢ Student distribution at 90 % probability. Values 5
be used for plastic when tested according to ISO 178.-The accepted value is the one corresponding to
lower confilence interval value evaluated by the ¢ Student distribution at 90 % probability Table 5 indic
minimum characteristic failure strength values to be-achieved to qualify glazing materials, materials with Ig

characteris

d for glass when tested according to EN 1288-3.,The accepted value is the one correspondin

ic failure strength are not allowed.

iral stress of material, op, is evaluated from the values of the charagteristic failure strength, og, of

(6)

ues
g to
hall
the
htes
wer

Table 5 — Minimum mechanical properties of materials
Material Acronym Characteristic Design factor @ Design flexural

failure strength v stress
oCc OA

N/mm?2 N/mm?2
Polymethylrpethacrilate PMMA 100 3,5 28,6
Polycarbonfite PC 90 35 257
Thermally tpughened safety glass TTG 160 4,0 40,0
Chemically foughened glass CTG 160 4,0 40,0

2  For mixedconstructions-thehigher-designfactorshatt-beused:

5.6.2 Selection of monolithic pane thickness

The value of the pane thickness, t3, expressed in millimetres, to be used in case of monolithic construction,

shall be the

higher of the following:

the basic pane thickness, to, calculated in 5.6.1;

ISO 21005, when applicable.

With commercially available panes, the actual thickness will be selected as the first upper integer.

14

the minimum pane thickness, /min, according to the relevant International Standard, 1ISO 1751, ISO 3903,

© 1SO 2012 — All rights reserved
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5.6.3 Selection of laminated pane thickness

Laminated constructions can be considered

a)

laminates with plies of the same material (type A), and

EXAMPLE 1 Glass ply/interlayer/glass ply.

EXAMPLE 2  Plastic ply/interlayer/plastic ply.

NOTE

InExample 2, the “plastic” layer always consists ofthe same material. Examples oftype (A) are: Acrylic/interlayer/

acrylic or Polycarbonate/interlayer/polycarbonate. It is not type (A) if the construction is: Acrylic/interlayer/polycarbonate.

b)
EXA
EXA

EXA
5.6.

5.6.

When the mechanical properties of the interlayer material (the lafninating adhesive material) are no

plie

The
be ¢

The
lam

For

and

The

laminates with plies of different materials (type B).
MPLE 1 Glass ply/interlayer/plastic ply.
MPLE 2  Glass ply/interlayer/plastic ply/interlayer/glass ply.

MPLE 3  Acrylic ply/interlayer/polycarbonate ply.
B.1 Type (A) laminates — Laminates with plies of the same material
3.1.1 Independent plies

5 of the laminated glazing have to be considered as mechanically independent.

equivalent thickness of type (A) laminates made of yifdependent plies of thicknesses: #p1, #p2,
alculated and compared with the basic thickness, fg; calculated according to 5.6.1.

nate is indicated generically as, ¢;, where the index j is ranging from 1 to n.

each ply of the laminate a partial equiyalent thickness, feq,;, is calculated as

the equivalent thickness of the laminate 7¢q shall be the minimum of the # feq,; values:
feq:min[leq,j] 1 j=1,}’l

laminate:Construction is accepted when it results 754 275 .

5.6.

B1.2 Collaborating plies

known, the

.., tpn, shall

equivalent thickness of n independent plies shall be calculated as follows. The thickness of ofe ply of the

(7)

(8)

When the mechanical properties of the interlayer are known in terms of shear modulus, G (N/mm?2), at 25 °C
for 60 s duration load the equivalent thickness shall be calculated as follows.

© 1SO 2012 — All rights reserved
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ply thickness (mm);

ply thickness (mm);

erlayer thickness (mm);

ortest clear opening dimension of the glazing laminate (mm);

Young’s modulus of the ply (N/mm?2);

Definitions:
gl
12
fi int
a sh
E
G sh
Acceptable
value at 25

case this vé
Preliminary,

hs =0,5

IS=t1‘

Shear trans
behaviour ]

r=

ear modulus of the Interlayer at 25 °C (N/mm#<).

value for polyvinyl butyral (PVB)is: G = 1,6 N/mm?2. For other interlayer materials the shedrmod
°C for short time duration load (60 s) shall be declared by the interlayer material manufacture
lue is not known the plies shall be considered independent and 5.6.3.1.1 shall be ysed.

calculations:

(g +12)+1

"t2 . _ hS'l1
+t2 ’ s t1 +12
2 2

si2 T2 s

fer coefficient evaluation (for independent plies I*= 0, for full collaborating plies as “monoli
[=1):

1

1+

Equivalent fhicknesses evaluation:

For deflectipn:
foqW e+ 31211
For strength:
Nefo = tgq;w 2ef0 = qu;w
’ t+2N - tgo ’ to+2-T -tgy

E Is
06. . = .
G hs? 42

h

Equivalent fhickness shall be selected as

Llus
r. In

hic”

(10)

(1)

leq = min |:t1ef;c;vt22f;0':|

(12)

In case of multiple (more than two plies) laminates the calculation shall be iterated. The iteration shall start from
the outer ply (the one directly loaded by water pressure) and end with the inner ply. See Annex E for examples.

The laminate construction is accepted when it results 74 270 .

5632 Ty

pe (B) laminates — Laminates with plies of different materials

When the laminate construction is of type (B), the plies of the laminated glazing shall be considered as
mechanically independent and the equivalent thickness of n independent plies of different materials shall be

16
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calculated as follows. The thickness of one ply of the laminate is indicated generically as ¢ and its Young’s
modulus as E; where the index ; is ranging from 1 to n.

For each ply of the laminate a partial equivalent thickness, req,;, is calculated as

and the equivalent thickness of the laminate, zeq, shall be the minimum of the # feq,; values:

feq :min[zeq,]} ; Jj=1n (14)

Sed Annex F for examples.
Theflaminate construction is accepted when it results 74 2 70 .

to ghall be calculated for the same material type corresponding to the material for which minimpm value of
feq,j|is selected.

5.6.3.3 Selection of laminates thickness by flexural testing

The| flexural strength of a multiply laminate of physical thickness, | am, can be determined as characteristic
flexyral strength by a four point bending strength test according to the method described in EN 1288-3 as
outllned in 7.2.1.

Thel measured characteristic flexural strength value is’strictly to be referred to the actual cross sgction of the
tested laminated pane.

The| characteristic flexural strength of the laminate divided by the design factor of glass shall be copsidered as
the pllowable design flexural stress of the laminate.

Scantling equation in 5.6.1 may be used to calculate the basic pane thickness, ro, resulting from design
pregsure, geometry of the laminated-pane and its allowable flexural strength.

The| physical thickness of the laminate, 7 am, shall be compared with the calculated ¢ and it is accepted when

{lam 2 o

5.6.4 IGU panes,determination

5.6.4.1 Stepped IGU

In sfepped IGU one of the panes is fixed to the framing while the other pane is not supported by [the framing
strugtdre. In this case the framed pane of the IGU shall be selected according to 5.6.2 if monolith|c or 5.6.3 if
laminated using the relevant design pressure loads from 5.5.

5.6.4.2 Unstepped IGU

In unstepped IGU both panes are supported by the framing structure. These IGU types shall be qualified by the
hydrostatic pressure test according to 7.3 performed on the complete appliance.

5.6.5 Strength requirements of fire resistant glazing

The strength requirement for fire-resistant glazing shall be fulfilled by evaluating the construction according to
ISO 5797.

© 1S0O 2012 — All rights reserved 17
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5.6.6 Maximum deflection limitation

The maximum deflection of the structural pane either monolithic, laminated or stepped IGU shall be calculated as

b
S —q. Po% (15)
mex 1000- M
where
Jdmax is the maximum pane deflection (mm);

a is the pane aspect-ratio deflection coefficient (see Table 6);
pD is the design pressure (see 5.5) (kN/m2);
bp is the unsupported short side of a rectangular pane or “equivalent short side” of a pane (mm);

M is the pane stiffness calculated according to Annex B where #y is the physical thickness in case
of monolithic glazing (Nmm) and is

tw =R i3+ 3

in case of Type (A) laminated glazing with independent plies, and
tw =leg:w

in case of Type (A) laminated glazing with collaborating plies, and
tw =leg:

in case of Type (B) laminates.

The structural glazing will be accepted if

<fee

Omax <
max = [z

where ap (mim) is the clear opening long side of a rectangular pane or “equivalent long side” of a pane.

18 © 1S0 2012 — All rights reserved
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Table 6 — Coefficients a and f versus aspect ratio

ISO 11336-1:2012(E)

Py - s
1,0 0,004 06 0,287 4
1.1 0,004 85 0,332 4
1,2 0,005 64 0,376 2
1,3 0,006 38 0,416 4
1,4 0,007 05 0,453 0
1,6 0,008 30 0,517 2
1,7 0,008 83 0,544 8
1,8 0,009 31 0,568 8
1,9 0,009 74 0,591°0
2,0 0,010 13 0,610°2
3,0 0,012 23 0,713 4
4,0 0,012 82 0,741 0
5,0 0,012 97 0,747 6
0 0,013 02 0,750 0

6 |Framing

Glaged openings are generally framed if the glazed openings are designed to be independent from
adjgcent structure. The framing shall provide a safe and secure fixing of the glazing. The glazing sh
clamped with elastomer gaskets or bonded and additionally secured with an elastomer gasket betw
and|retaining frame, or bonded at both sides. Framing concept types are represented in Figures 4, §

ske{ches are not to scale and shall be considered as a concept arrangement.

Bonding requirements are defined in ISO-11336-2.

6.1 Framing types

loads of the
all either be
een glazing

and 6. The

Key

1 inside
2 outside
3 bonding

4 seal

© 1SO 2012 — All rights reserved

Figure 4 — Framing types 1 and 2

3
z 2
1 oL 2 1 o2
4 4
N
Option 1 Option 2
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|3 | s
AN DN
1 NN 2 1 | 2
4 4
7

Option 3 Option 4
Key
1 inside
2 outside
3 bonding
4 seal

Figure 5 — Framing types 3 and@
3| 43 4 |4
N — N

Option 5 Option 6
Key
1 inside
2 outside
3 rubber galsket
4 rubber gasket

Figure 6 — Framing types 5 and 6

6.2 Framing dimensions

The dimensions indicated in Figure 7 shall be considered as minimum dimensions. Chamfered edge or other
preparations (i.e. bullnose) of the glass edge shall not be included in the width of overlap indicated in Figure 7.
The direct contact between frame and glazing shall be avoided.

20 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=b97d242b74c917b5f6d85f19b0999548

ISO 11336-

12
15

~

35
40

.

8

NN
12
12

f

1:2012(E)

6.2.

Gla
Elag
2m

properly secured against dislocation (i.e. gluing, positive fit). The distance between frame and glg

be |

6.2.

For
Sho
to 4

Gla
Win|

areas 1, 2, and 3 (see Figure 9 and\Figure 10).

All'l
gen
stre|

6.3

Sup
conf
sho

fi Clear view: > 0,45 m2 up to 1 m?

—=—=

Glazed opening clear view < 1,00 m2 Glazed opening clear view < 2,50 m?

Figure 7 — Minimum dimensions (mm)

red openings with smaller dimensions are covered by existing International Standards, e.g
tomer gaskets shall have the following characteristics: Shore A 50-70, width > 12 mm, thickn
M to 6 mm (not in compression) thickness inside 2 mm to 4 mm {pot in compression). The gask

pss than 5 mm.

D Clear view: > 1 m?2 up to 2,5 m2

ISO 3903.
ess outside
ets shall be
ss shall not

ylazed openings with clear view > 1 m2 up to 2,5 mZelastomer gaskets shall have the following chgracteristics:

re A 55-70, width > 15 mm, thickness outside:4“mm to 6 mm (not in compression), thickness i
mm (not in compression). The distance between frame and glass shall not be less than 7 mm

red openings with a clear view exceeding the 2,50 m2 shall be considered on case by case ba

dows which are fitted in such a way’that the adhesive is under tension load are not permitted

bad transmitting element§ inthe load path between the glazing and the adjacent bulkhead st
erally be metal and areto be based on the glazing design pressure and a design factor of 1
hgth of the material.

Support pads

nside 2 mm

SiS.

in or below

ucture shall
bn the yield

port of the/ glass mass and secure positioning within the frame shall be achieved by suppo

vnin Figure 8. The compatibility of materials between support pad and bonding shall be assu

parable.elastic properties as the elastomeric gasket or the bonding material. Support pad arr1

t pads with
ngement is
ed.

© 1SO 2012 — All rights reserved
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Key

1 inside

2 outside
3 bonding
4 elastome

5 support p

gasket
d

j)

Figure 8 — Support pads

6.4 Material requirements for the framing

All material
1ISO 1751. Tj
of the mate

5 used shall be in compliance with or equivalent tocexisting International Standards 1SO 390 or
he strength of metal frames shall ensure under the window design pressures that the yield strepgth

fial is not exceeded. Non-metallic frames are .outside the scope of this part of ISO 11336.

Bolts generally should be of stainless steel with a mifimum grade 50. The bolt material shall be compatible
s of strength and corrosion with the framie. The supplier shall ensure that the mechanical propefties

both in term
are achieve

Bolts shall
used frame
Heavy type

Deviating m

d and valid documentation shall be_provided.

have at least M6 and shall fulfil the general requirements for the thread/screwed-in depth for the
material. The maximum allowable pitch of the bolts shall not exceed 75 mm (according to ISO 3903

E).

aterials i.e. larger bolts-or bolts with a higher grade and smaller screw pitch can be used to meef the
respective fequirements. They shall be specified by the manufacturer and approved by the certifying authqrity.

L4

(ITT —

5  LLLLL 7

s
I,
R e o ‘%?f‘%%b‘ooooooﬁb’i""’ggo‘ \

e %% %% %% % %% RSP IRISRK X X X X X X
s e
/ ".?.?.%%Mo“t&d’!??.?.?N:&?%’.?o?.“to?.’??.?d!00.?.?“&!.“?.1\! ININ A Q

<
0,02L

NN '
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Figure 9 — Areas of typical motor yacht
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0,02L

Figure 10 — Areas of typical sailing yacht

7 |Materials

In Qlause 7 are identified the glazing materials that can be used within the scope gfthis part of|ISO 11336.
Testing methods for the qualification of these materials for use with this part of IS0741336 are alsq shown.

NOTE The testing methods for the characteristic failure strength of pane materials and the selection of|[laminates by
flexyral testing are shown in Clause 5.

7.1| Materials selection

Panes shall be made of glazing materials, such as toughened<glass (thermally - TTG or chemicplly - CTG),
polycarbonate (PC) or polymetylmetacrilate (PMMA).

Other materials of comparable strength and stiffness to those cited above, may be considered.
711 Glass

7.1.1.1 Restrictions of usage
— |For laminated constructions only thermally or chemically toughened glass shall be used.

— |For monolithic construction only toughened safety glass meeting the requirements of the frggmentation
test outlined in EN 12150-1:2000, Clause 8 shall be used.

— [ Thermally toughened,glass used both in monolithic or laminated construction shall meet the requirements
of EN 12150-1.

— |For laminated construction the glazing shall meet the requirements outlined in ISO 12543-1.
— |In wheelhouse glazing, for both front and sides positions, laminated safety glass shall be usegl.

— | Coating. (hard or soft) shall not influence the strength of the glass.

7.1..2- Chemically toughened glass

Chemically toughened glass (CTG) shall meet the requirements outlined in EN 12337-1. For marine applications,
CTG is not covered by existing International Standards. For this reason, it shall be qualified as a structural
material. The qualification of chemically toughened glass as structural material shall be performed according
to 71.1.21 and 7.1.1.2.2.

7.1.1.2.1 Chemically toughened glass strengthening characteristics
The following characteristics shall be declared by the glass ply manufacturer for structural qualification:
— depth of compression layer, Icp (um);

— surface compression, Sc (N/mm2);
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— characteristic breaking strength, oc (N/mm?2).

The glass ply manufacturer is also responsible for the production conformity to the declared values.

7.1.1.2.2 AQualification by the characteristic breaking strength

CTG shall be qualified by its Characteristic breaking strength, oc, value. For this purpose, the glass ply
manufacturer shall declare its characteristic breaking strength, oc (N/mm?2), as defined in EN 1990:2008, AnnexD,
and determined by mechanical tests according to 7.2.1.

Acceptable values to comply with this part of ISO 11336 are at minimum

oc > 160 N/mm?2
Quality progluction control is introduced in ISO 11336-3.
This structyral qualification does not take into consideration the effects coming from-surface abra
resulting dyring pane service life. These effects can introduce additional requirements_on the strengthe
characteris{ics. Such additional requirements may be considered and introduced by recognized organizat
and authorifies.

7.1.2 Materials other than glass

71.21 Ri

71.211

For monolif]
shall be use

Plastic pang¢s (monolithic) or plies (laminated) shall be.used according to indications of material manufactu

both in tern
conditions

71.22 In

In laminated glazing, thermo plastic adhesive films or thermo setting curable resins may be used as adhe]

materials tg

Interlayer m
compatibilit
attention to
manufactur,
interlayer m

pid plastic materials

with special attention to exposure to,eutdoor environment).

Restrictions of usage

hic construction only rigid plastic panes with a_minimum characteristic failure strength of 90 |
d.

ns of chemical compatibility with other materials (adhesives, sealants, gaskets) and applica

erlayers

keep together glass-or-plastic plies.

aterials shall beused according to indications of the material manufacturer both in terms of che
y with other materials (glass, plastic plies, sealants, gaskets) and application conditions (with s
exposure-fo’outdoor environment) and in terms of laminated glazing manufacturing. The gla
br is responsible of following indications, precautions and manufacturing methods approved by
aterialbmanufacturer.

pll

5ion
hing
ons

1Pa

rers
tion

Sive

ical
cial
zing
the

Where, for

collaborating plies of a laminated glazing, the contribution of the interlayer shall be taken

into

account, the shear modulus G (MPa) at 25 °C for short duration load (60 s) shall be declared by the interlayer
manufacturer. In cases where there is no declaration, the plies shall be considered as mechanically independent.

If a value is

available only for Young’s modulus, £ (MPa), a shear modulus may be assumed as G = E/3.

Where the interlayer is made of polyvinyl butyral (PVB) a shear modulus value may be assumed as G = 1,6 MPa.

7.2 Testi

ng of materials

This is limited only to tests for structural qualification of glazing materials. Other qualification tests are not
included here and shall be performed according to International Standards relevant to the specific material.

24
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1 Glass

Characteristic flexural strength of glass materials shall be determined by flexural four point bending test
according to EN 1288-3.

The

With the above definitions, oc, characteristic failure strength is

7.2,

Chg
ben

characteristic failure strength, oc, shall be determined by mechanical tests as follows:
N number of test specimens (at least 10);
o; breaking stress (MPa) for each test specimen tested according to EN 1288-3;

_onyaverage value:;

i=1

sy standard deviation;

Oav

Kn statistic coefficient corresponding to 90 % confidence limit. This value depends on the nu
test specimens, N, according to the t-Student statistical distribution, see Annex D.

oc =0ay (1-Kn-Cy)

P Rigid plastic materials

racteristic failure strength;y’ oc, for rigid plastic materials shall be determined by the flexural
ding test according te 1SO 178 as follows:

N number ofA€st specimens (at least 10);

o; breaking'stress (MPa) or, when not applicable, yield stress for each test specimen;

oav average value;

Cy coefficient of variation;

CV =
Oav

© 1SO 2012 — All rights reserved
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Kn statistic coefficient corresponding to 90 % confidence limit. This value depends on the number of
test specimens, N, according to the -Student statistical distribution, see Annex D.

With the ab

ove definitions, oc, characteristic failure strength is

oc =04 (1-Kn-Cy)

7.3 Testi
7.3.1

7.3.1.1 Sq

This proceq
assess thei
opening as

edge fi
the shi

When the g
be a qualifi

When the g
test on the

7.3.1.2 Mq

Motivations

Intern

edge
Interng

strengft]
accord

pressure. The basm shall show the real assembly S|tuat|on on board usmg |dent|cal or equwalent materials

Test procedure for hydrostatic structural testing of marine windows system

glazing;

innovaalive materials or construction systems which are introduced and are not considered in exig

ng of appliances

(21)

ope

I strength and watertightness characteristics. The test shall be performed on thexcemplete gla
tembly including the fixing system. The glazed opening system has two main,components:

king system (clamping, framing, bonding or any mechanical/chemical method to fix the glazin
b structures).

azing cross section is already qualified according to 5.6, thesydrostatic test shall be understod
ation test of the fixing system and the hydrostatic test shallbe performed on one sample.

azing cross section cannot be qualified, the hydrostatigitest shall be understood to be a qualifice
complete system (glazing and fixing) and the test shall be performed on three samples.

ptivations

for testing glazed opening systems are

ional Standards,

fixing which is performfed® by bonding or by any method not included in exis

tional Standards, and

h and watertightness’characteristics of the glazed opening systems which cannot be predi
ng to the International Standards above reported or to 5.6 calculations.

ure establishes an experimental method for proof testing of marine glazed openings system to

zed

j on

d to

tion

ting

ting

cted

and dimensions.

The filling water piping and the basin pressure measuring piping shall be separated.

During filling the basin with water, ensure that air trapping is eliminated or at least minimized.

test

The supporting structure of the tested window system shall be stiff enough to prevent edge deflection which

will influenc

26

e the test results.
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1.3.2 Measuring instruments

It is a technical responsibility of test operators to run tests with calibrated measuring instruments meeting
metrological criteria in terms of reference to international measuring unit system, accuracy and repeatability.

7.3.

1.3.3 Sample

The tested sample shall be representative of the glazed opening construction and installation on board. A
drawing of sample construction and fixing shall be provided and included in the test documentation.

7.3.

The
Alte

The
Pro
a)
b)

c)

1 :3 4 Ies'l- nrocedure
O +proceatt e

testshall be carried out by laboratories orinstitutions meeting, in general, the requirements of ISO
rnatively, window manufacturers fulfilling the equivalent minimum standard may perform such

test shall be carried out as follows.

Cedure (A):

Measuring instruments gauges shall be calibrated.

Design test pressure, pp (kN/m2), shall be established according-to 5.5.

Chgmber pressure shall be raised up to pp and maintained forat least 300 s. The pressure in the te

sha

| be raised up to design factor times (Table 5) the designiioad pressure (y x pp).

Thre¢e unloading/loading cycles shall be performed within the pressure range from 1 x pp to y x p

belq

d)

e)

f)

Pro
Pre
Pre
Opd

w 1/2 y x pp and going to y X pp.

Central deflection shall be measured and recorded up to the design pressure. The basin press
measured and recorded continuously during the test.

shall be recorded by the test operators with the relevant test pressure.

Unless otherwise specifiedand if possible, the sample shall be taken to final collapse.
Cedure (B):

iminary operations.included in procedure (A) [namely a), b) and c)] shall be completed.
Esure cycle shallbe as in Figure 12 (cyclic phase, hold phase and final rise to test pressure).

rations requested for procedure (A) [namely d), e) and f)] shall be completed.

Dimensions of all main components (basin and glazed opening) shall be.checked and recordgd.

IEC 17025.
fests.

st chamber

p starting at

ure shall be

Any event such as loss of watertighthess (from the glazing or from the fixing system) or glass plig¢s breakage

© 1SO 2012 — All rights reserved
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YA
4xpp -
| ty > 300 |
Lot T
| | |
- el |
t,>30 t3 =60 X
Key
X time
Y prepsure
1 loagling/unloading cycle
Figure 11 — Water pressure vs. time for test procedure (A)
YA
4 XpD r
1 t, > 300
\
| [
LAY
| |
N -
t;> 30 X
Key
X time
Y pressure
1 loading/unloading cycle

Figure 12 — Water pressure vs. time for test procedure (B)

Chamber pressure shall be raised up to pp and three unloading/loading cycles shall be performed within the
pressure range from unloaded to pp. Then the pressure should be maintained for at least 300 s. Finally the
water pressure shall be raised up to y times (see Table 5) the design load pressure.

Procedure (C):
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This is a procedure for a stepped test, in which one glass construction is tested for two (or more) different
design loads.

Prel

iminary operations included in procedure (A) [namely a),b) and c)] shall be completed.

Pressure cycle shall be as in Figure 13 (cyclic phase at pressure pp1, cyclic phase at pressure pp2, hold phase

and

final rise to test pressure).

Operations requested for procedure (A) [namely d), e) and f)] shall be completed.

¥
4xPpy
Pp,
Pp1
X
Key|
X time
Y pressure
Figure 13 — Watér pressure vs. time for test procedure (C)

7.3.2 Acceptance criteria

The
of th
botk
for

test is passed if the system withstands the design factor times pp load pressure without failurg
e system and the watertightness is maintained. Design pressure shall be reached in not less t
procedure (A) and.(B) and first design pressure for procedure (C) and the three unloading/log
brocedure (A) shall' be performed in not less than 60 s. Providing that the fixing system is m

terms of construction details, geometrical dimensions and materials, and the pane cross section

test
pres

Tolg

acceptanceimay be extended to any glazed opening with lower requirements regarding strer
sure pp)and size.

rances for size extension are limited to a maximum of 5 % of each individual clear length of th

of any part
han 30 s for
ding cycles
pintained in
is identical,
gth (design

e glazing.

In case of earlier breakage of the sample the maximum achieved pressure value can be divided by design
factor in order to define the maximum load capacity for the tested glass construction.

EXAMPLE For glass:

Required: pp = 20 kPa.

4 x pp = 80 kPa should be achieved.

The

sample breaks at 60 kPa.

60 kPa/4 = 15 kPa means that this glass construction can be applied for locations with defined pp = 15 kPa.

© 1SO 2012 — All rights reserved
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7.3.2.1 Glazing equivalent to storm shutters

For qualification through calculation (5.6), where windows are requested with storm shutters, to waive them,
the glass thickness and equivalent thickness (in case of laminated construction) shall be calculated using a
design pressure increased by a factor 1,5 (see also Annex G for discussion about this factor) in respect to
design pressure calculated according to 5.5.

For qualification through hydrostatic test (7.3), where windows are requested with storm shutters, to waive
them, the glass thickness and equivalent thickness (in case of laminated construction) shall be tested at a
design pressure increased by a factor 1,5 in respect to design pressure calculated according to 5.5. Final test
pressure shall be kept at 4 times design pressure calculated according to 5.5.

7.3.3 Tes{report

The test report shall contain at least the following information:

— date and location of the test;

— window sample engineering documentation (drawings and description of glazing and fixing system);

— when the testis a type approval test, production documents are provided identifying the production confrols
performed during sample manufacturing;

— measufing instruments description;
— test conpditions description: design pressure test, pp, description ofitesting chamber and of hydraulic circpits;
— test pracedure selection;

— test regults: pressure rate to reach design pressure from beginning of the test, waiting time at depign
pressufe, pressure rate to reach test pressure, watertightness failures and locations, glazing plies breaage
events] other relevant events related to strength, watertightness of the window;

— name 3nd institution of people witnessing the-test;
— test opprators and their qualification in term's of test responsibilities and institution responsibilities;

— bonding methods and qualification-ef.ithe bonding personnel.

8 Storn shutters and deadlights

The purposg of storm shutters-is to protect the glass against impact by debris or other objects and to proyide
resistance ggainst extremégréen sea loads and limit the ingress of water in case of breakage of the glazed openiphgs.

The purposg of deadlights is to provide a means to maintain the watertight integrity of the buoyancy volunje in
case of brepkage-of.the glass or leakage of the glass mounting.

As a minimpunt;)storm shutters shall be provided for openings located in side bulkheads at a height (h) alove
the waterline less than (0,05L + 1,80) m, and in front bulkheads at a height above the waterline less than
(0,05L + 3,6) m.

Deadlights shall be provided to glazed openings in the side shell.

Alternative arrangements to waive storm shutters are generally subject to the approval of the certifying
authority. See G.2.

Waiving deadlights to glazed openings in the side shell is not permitted.
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8.1 Storm shutters

8.1

.1 General practice

Storm shutters shall be fitted externally on the bulkhead.

8.1

.2 Material

-1:2012(E)

Storm shutters shall be constructed of a material acceptable for hull construction and for the bulkheads in

wh

bul

(extfuded alloy sections). Alloy of the 2 000 series may be used, if suitable for marine applications

Fibre reinforced plastics (FRP) storm shutters may be single skin or sandwich laminate, as can

bul

8.1

The| construction shall be to the quality standards and material testing. as required for the stru

bul

8.1
De
De

De
wh

For|FRP a factor of safety to failure of 3 shall be achieved.

8.1

Plating shall be considered simply supported at the edges of the window and between stiffeners.
Stiffeners shall be consjdered simply supported.
Stiffeners shall be checked for bending strength, shear strength, and tripping.

Support from mullions shall be considered using a grillage approach provided the El of the mulli
buldhead supporting structure are considered in the grillage calculation.

8.1.p ~Scantlings

Meﬂal storm shutters are generally an aluminium plate, suitably stiffened or extruded panelsb

ich the windows are located.

head. Aluminium alloys shall be of the 5 000 series (wrought alloy plating and stiffeners)\or 6

Khead construction.

.B Construction

Khead in which the storm shutter is located.

A Design pressures and design flexural stresses
dign pressures shall be the same as required for windows:in accordance with 5.5.
dign flexural stress for aluminium constructions shall*be taken as the yield strength of 0,2 % prq

dign flexural stresses shall take into account'the un-welded or as-welded yield strength de
dther the construction is welded or extruded-as specified in EN 13195-1.

.p Structural model

blted to the
000 series

be used for

cture of the

of stress.

pending on

bns and the

Scantlings of storm shutters may be determined by direct calculation or through simple expressions as shown below.

8.1

.6.1 Plating

Thickness of plating shall be calculated according to Equation (22) in case of aluminium material and according
to Equation (23) in case of FRP material.

0,5
pD 4
! Aluminium =51 OOO'[( 8 J{,] OOO-Gy J]
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terp =5 -1 ooo.{(”—D

6
1000-0,28- 0y,

e |

8

(23)

Sandwich laminates shall have strength not less than required for a single skin laminate storm shutter, with
each skin not less than 3 plies

where
t

N

is the

is the required thickness of plating or single skin laminate, generally not less than 5 mm (mm);

ha csnacina of stiffanare (mMmm)\-
S g-o-StHEererS—

pD is
Oy
Ofu

8.1.6.2 Sz

Section mo

SM:(-

where
SM is

is
(m

Ouc is
Out is

Ouave

Core thickn

G
10

le

where

fc

d o4 LRLERY £

he design pressure (kN/m?2);

he flexural strength of single skin laminate (N/mm?2).

ndwich laminate

Hulus, SM (cm3) for a width of sandwich of 1 cm

he section modulus of width of sandwich of 1 cm (6m3);

t2

500

Ouave
Ouc

he required thickness in accordance with Equation (22) (aluminium) (mm), or Equation (23) (F
m);

he ultimate compression strength of safdwich skin (N/mm2);
he ultimate tensile strength of sandwich skin (N/mm?2);

is the (ouc + out)/2 (N/mm?2).
eSS, fc (Mm)

,50- pD-s
00-0,40-7,

he required thickness of core = core thickness + 0,50 combined thickness of the skins (mm);

Tu

he-minimum shear strength of core material (N/mm?)

he tensile yield strength (for welded aluminium this shall be in the as-welded conditién) (N/mm>);

(24)

RP)

(25)

32
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8.1.6.3 Stiffeners

Aluminium
2
SM =125 po-s-l”
Oy
where

SM is the required section modulus of stiffener including the attached plating, cm?;

-1:2012(E)

(26)

DD IS the design pressure (KN/m-J;
s is the spacing of stiffeners (m);
[ is the unsupported length of stiffener (m);
oy is the tensile yield strength (for welded aluminium this shall be in the as-welded condition
A::1ooo-£§§f;f
y
whegre
A is the required web area of stiffener (mm?2);
pp s the design pressure (N/mm?2);
s is the spacing of stiffeners (m);
[ is the unsupported length of stiffener (m);
7y is the shear yield strength (for welded aluminium this shall be in the as-welded condition
wel thickness shall be not less than
tw depth/k mm;
k = 6 for aluminium flat bar
=11 for aluminium dngle bars and “T” section.
FRA

Stiffeners whereitted shall be single skin laminate

2
SM=125‘M
0,28 0,

(N/mm2).

(27)

N/mm?2);

(28)

where
SM is the required section modulus of stiffener (cm3);
pp s the design pressure (kN/m2);
s is the spacing of stiffeners (m);
[ is the unsupported length of stiffener (m);
oy s the tensile strength of stiffener laminate (N/mm?2);
tw is the depth/3 (m).

Effective width of plating shall be as specified in Annex H.
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8.1.6.3.1

Structural detail

Stiffeners shall be arranged such that they can take the design loads and adequately transmit them to the
surrounding yacht structure.

Storm shutter shall suitably overlap all around.

8.1.6.3.2 Metal construction

Stiffeners shall be sniped at their ends and stopped 15 mm from the storm shutter plate edge. The snipe shall

be not less

Welding of

less than 100 mm.

8.1.6.3.3
FRP stiffen

An importa
maximum d

8.1.7 Attachment to bulkhead

The storm
retaining ba

In selecting

be considered.

Bolt diamet
the certifyir

Bolts shall he permanently attached to the stormishutter.

Where boltg
the differen

8.2 Dead

8.2.1

Deadlights
deadlights
any sea co

8.2.2 Mat

General practice

than 1 in 3 and shall start at 50 mm overlap of the stiffener onto the bulkhead structure.

stiffener to plating may be intermittent. Welding shall be full return at the end of stiffeners of

FRP construction
ers, where fitted, shall be laminated or bonded to the storm shutter plate.

nt thing is that the spacing between the glass pane and the storm shutter_shall be bigger than
eflection of the storm shutter under design load.

Ehutters shall be effectively attached to the bulkhead e.g:by bolted connections or by fitting
rs.

the materials for the means of securing, the effects of corrosion between dissimilar metals 5

br shall be at least M12 spacing maximum 500 mm; alternative arrangements shall be approve
g authority.

and plate are of different materials, shear stress and bearing stress shall be designed to cong
material mechanical properiies.

lights

Shall generally-be permanently attached if located in the areas indicated in Figure 1. Where port
re allowed/they shall be stored in an easily accessible location and readily and safely mounte
dition;

not

the

into

hall

ider

hble
din

HPd |
Har-y

Materials shall be either in accordance with ISO 1751, marine grade aluminium alloy, or composite material as used
for hull construction. Cast aluminium alloy shall be of a ductile type with elongation to breakage not less than 6 %.

Other mater

8.2.3 Des

ials shall be ductile, acceptable for hull construction and approved by the certifying authority.

ign pressure and design flexural stresses

Deadlights shall be dimensioned such that when loaded by the design pressure the yield stress is not exceeded.

For portlights up to 450 mm diameter, the deadlight and all associated hinge pins, securing devices and fittings,

can be take

34

n in accordance with ISO 1751.
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For openings larger than 450 mm diameter, the deadlight shall be designed considering the same design
pressure as required for the glazing. Subject to this pressure the stress in deadlight and all load carrying fittings
is not to exceed the yield strength.

8.2.4 Testing

The deadlights in the mounted position shall be tested for watertightness using a design pressure of 42% of
the design pressure.

When equivalent strength is not shown by calculations, the deadlights in the mounted position shall be tested
for strength at a test pressure according to 1ISO 1751. After the test, any permanent deformation shall not be
more than 1 % (0,01 times) the smaller dimension of the clear opening.

8.3| Owner’s manual

Guiflance shall be included in the Operating Manual on the sea state at which storm shutiers and deddlights shall
be fltted and on maintenance and inspection of the storm shutters and deadlights and their means ¢f securing.
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Annex A
(normative)

Unsupported pane dimensions

For rectangular pane, the small and large unsupported dimensions are bp and ap respectively, as shown in
Figure A1 a). For a folded pane, the small and large unsupported dimensions are bp and ap respectively, as

shown in Figure A.1 c). For a circular plate, the unsupported diameter is d, as shown in Figure A.1 b). For mon-
rectangularfor non-circular plate shapes, use “equivalent” dimensions of a rectangular or circular plateshajing
an area eqyal to the plate being considered (see Figure A.2).
2 5>
=
i yy
a) b) c)
Figure A.1 — Unsupported pane dimensions
beq
&
The rectarlgle has the same area The circle has the same area
a) Quadrangle b) Polygon
b b
begq degq
PN N
- N N\
® o ! |
(ua" I
deq = 2a/3 beq =3b/4 deq =3bl4
c) Triangle d) Equilateral triangle
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deq = 0,87a beq = 0,87b

deq: \/%

e) Flat ellipse

d) Round ellipse

Figure A.2 — Equivalent dimensions
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Annex B
(normative)

Calculation of the stiffness of a pane

B.1 Monolithic pane

For a monolithic pane of physical or equivalent thickness #,(mm) the calculation of its stiffness, M (Nmm),/ghall

be performéd on the basis of the knowledge of its mechanical characteristics:

E (N/mm2) Young’s modulus;
v Poisson’s ratio;
as
3
IV 2R

(.1)

Values of Ejand v can be found in Table B.1. Other values may be used for Young’s modulus and Poisson’s fatio
if declared by the material manufacturer.

Table B.1 — Mechanical properties of materials

Material Acronym Young’s modulus Poisson’s ratio
E v
N/mm?2
Polymethylmethacrilate PMMA 3300 0,37
Polycarbonate PC 2300 0,38
Glass TTG/CTG 70 000 0,23

38
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Annex C
(informative)

Scantling equation

The scantling equation given in 5.6.1.2 comes from the equation

o =b- \/% 1)
whgre

to is the basic pane thickness (mm);

b is the unsupported short side of a rectangular pane or “equivalent short'side” of a pane (fnm);

S is the pane aspect-ratio coefficient;

pp s the basic design pressure (kN/m2);

on is the allowable design flexural stress of the material (N/mm2).
Thig equation has been rearranged to be expressed in mote.practical units pp in kN/m2 and oa ih N/mm? as
givgn in 5.6.1.2.
Thig equation is coming from linear plate theory anehit is strictly valid for small deflection of thg pane (less

than
this
plat

to/2). A more accurate structural analysis may be based on non-linear FEM calculation. N
simplified linear approach has been found to be consistent and conservative for scantling dete
bs when comparing results of hydrostatic tests with the more accurate non-linear FEM calcula

levertheless
rmination of
ions.
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